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Description 
TECHNICAL FIELD 

5 [0001 ] The present invention relates to a method of coating a substrate with a fluorine-containing coating composition 
in the form of liquid by using a curtain flow coater. particularly a method of coating a substrate, in which a collected 
coating composition is less foamed and a dried coating film being excellent in surface smoothness can be obtained 
even if the curtain flow coater is operated continuously by re-using the collected coating composition, and further relates 
to an obtained coated article and the curtain flow coater being capable of coating uniformly even at a low flow rate of 

10 the composition. 

[0002] The present Invention further relates to an aqueous dispersion composition of fluorine-containing polymer 
which has a good film fonming property, gives good physical properties to a coating film, assures less foaming and 
particularly is suitable for coating with a curtain flow coater. 

15 BACKGROUND ART 

[0003] As shown in a diagrammatic flow chart of Fig. 1 , a curtain flow coater generally comprises a head part 3 
having a slit 4, a reservoir tank 5 of a liquid coating composition 1 , a coating composition supply pump 6 arranged in 
the reservoir tank 5 and having a rotation part (impeller) 7 and a conveyor 8 for transferring a substrate 2. The curtain 
20 flow coater is an equipment for coating the substrate 2 with the liquid coating composition 1 by supplying the composition 
from the reservoir tank 5 to the head part 3 through a feeding pipe 20 with the coating composition supply pump 6 by 
adjusting a peripheral velocity of the rotation part 7 of the pump 6 and then flowing down the composition in the form 
of curtain through the slit 4 onto the substrate 2 being transferred by the conveyor 8. 

[0004] When coating the substrate 2 (article to be coated) by using that curtain flow coater, the coating composition 

25 1 is supplied from the reservoir tank 5 to the head part 3 by rotating the rotation part 7 of the coating composition supply 
pump 6 and is flowed down continuously in the form of thin film (In the form of curtain) through the slit 4 of the head 
part 3. The substrate 2 is passed under the head part 3 In the horizontal direction by the conveyor 8 and is coated with 
the coating composition 1 flowed down from the head part 3. The coating composition 1 which was not coated on the 
substrate 2 is collected in the reservoir tank 5 through a coating composition collecting route and is re-used. 

30 [0005] The use of the curtain flow coater gives advantages that the coating can be carried out at high speed, a loss 
of coating composition Is very small and a coating thickness can be controlled by adjusting a conveyor speed. 
[0006] On the other hand, in the curtain flow coater, there is a case where foams are generated around the rotation 
part 7 of the supply pump 6 and are drawn into the coating composition and the coating composition is fed as it is to 
the head part 3 and is flowed down to be coated on the substrate, and as a result such foams remain in the obtained 

35 coating film and marks of foams appear on the dried coating film. 

[0007] Also when a coating composition comprising fluorine-containing polymer particles dispersed therein is used, 
there is an important problem that since a shearing force is applied to the coating composition around the rotation part 
7 of the pump 6, agglomeration and fibrillation of the fluorine-containing polymer particles arise and thickening of the 
composition occurs. Further when the curtain flow coater Is operated continuously for a long period of time and the 

40 composition Is collected and re-used, the above-mentioned foaming arises remarkably. Since those problems have 
not yet been solved, there is no example of actually coating the coating composition comprising fluorine-containing 
polymer particles with a curtain flow coater. 

[0008] Korean Patent Publication No. 95-26671 describes a method of coating a carton fluoride resin for aluminum 
cooking apparatuses continuously by air-pressed spray coating. However described therein is an equipment for forcedly 
45 flowing out a carbon fluoride resin liquid through a slit by applying an air pressure to the resin liquid, and the equipment 
differs from the above-mentioned known curtain flow coater. It Is unknown whether the carbon fluoride resin liquid is 
a solution or a dispersion of fluorine-containing polymer particles dispersed in a liquid carrier. A viscosity of the carbon 
fluoride resin liquid at coating is as high as 2,000 to 8,000 mPa-s. Also there is no description as to means for solving 
a problem with foaming. 

50 [0009] As explained above, since it is difficult to coat a coating composition prepared by dispersing fluorine-containing 
polymer particles in a medium with a curtain flow coater, at present such a coating composition containing fluorine- 
containing polymer particles dispersed therein is usually coated by spray coating or roll coating. However there is a 
problem that the spray coating is inferior in coating efficiency and there is much loss of coating composition. In the roll 
coating, there Is a problem that though coating efficiency is high, marking of roll pattern remains on a coating film. 

55 [0010] The Inventors of the present invention have made intensive studies with respect to a method of coating with 
a curtain flow coater by using a liquid coating composition containing fluorine-containing polymer particles which is 
disadvantageous in a long-term continuous operation due to much foaming as mentioned above, and as a result, by 
devising a method for supplying the coating composition from the reservoir tank to the head part and a range of viscosity 
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of the composition at coating, have found a coating method which assures less foaming and can give a dry coating 
film excellent in surface smoothness even in case of continuous operation, thus having completed the present invention. 
[0011] By the way, an aqueous dispersion containing fluorine-containing polymer particles is usually prepared by 
so-called emulsion polymerization in the presence of an anionic surfactant by using a water soluble polymerization 

5 initiator and is obtained in the form of colloid having an average particle size of from 0.05 to 1 .0 \im in the aqueous 
dispersion (latex). The obtained aqueous dispersion itself is unstable and sedimentation of polymer particles during 
storage and agglomeration of polymer particles by stirring easily occur. Therefore a nonionic surfactant such as poly- 
oxyethylene alkyi phenyl ether is added to secure dispersion stability of the polymer particles. For that reason, foaming 
is easily caused by stirring and the generated foams are difficult to disappear 

10 [0012] In order to inhibit generation of foaming and break the generated foams, a silicone compound being excellent 
in def oaming property has been usually used as a defoaming agent. However with respect to the silicone type def earning 
agent, there was a problem that the defoaming agent remaining in a coating film had an adverse effect on film forming 
property and physical properties of the coating film. 

[001 3] As mentioned above, particularly in case where a coating composition comprising the above-mentioned aque- 
15 ous dispersion is coated by using a curtain flow coater, there was a problem that marks of foaming remain in a coating 

film and a silicone compound causes failure of curtain flow. 

[001 4] Also though acetylenedlol type defoaming agent is known as a defoaming agent being excellent in defoaming 
property, there Is a problem that an effect thereof does not continue. 

[0015] As mentioned above, intensive studies have been made with respect to a defoaming agent which has a 
20 continuing defoaming property against a coating composition comprising an aqueous dispersion containing fluorine- 
containing polymer particles and surfactant, does not remain In a coating film and does not have an adverse effect on 
film fonning property and physical properties of the coating film. As a result, it was found that a specific hydrocarbon 
compound is excellent specifically in defoaming of that system and does not remain In the coating film and further that 
a coating composition particularly suitable for coating with a curtain flow coater can be obtained, and thus the present 
25 invention was completed. 

DISCLOSURE OF INVENTION 



[0016] The present invention relates to a method of coating a substrate which is featured by coating a liquid coating 
30 composition which contains fluorine-containing polymer particles having an average particle size of from 0.01 to 100 
}im and has a viscosity of from 0.1 to 500 mPa s at coating. 

[0017] Also the present invention relates to a method of coating a substrate characterized by using a curtain flow 
coater (hereinafter referred to as "curtain flow coater (I)") which comprises a head part having a slit, a resen^oir tank 
of a liquid coating composition, a composition supply pump being arranged in the reservoir tank and having a rotation 

35 part and a substrate transferring conveyor and carries out the coating by feeding the liquid coating composition from 
the reservoir tank to the head part with the composition supply pump by adjusting a peripheral velocity of the rotation 
part of the pump and then flowing down the coating composition through the slit onto the surface of the substrate being 
transferred by the conveyor. The above-mentioned liquid coating composition comprises fluorine-containing polymer 
particles having an average particle size of from 0.01 to 1 00 \im, has a viscosity of from 0.1 to 500 mPa s at coating 

40 and is supplied to the head part under the condition that a peripheral velocity of the rotation part of the pump is from 
0.1 to 12.0 m/sec. 

[0018] Further the present invention relates to a method of coating a substrate which is characterized by using a 
novel curtain flow coater (hereinafter referred to as "curtain flow coater (II)") which comprises a head part having a slit, 
a lower reservoir tank of the liquid coating composition, an upper reservoir tank of the liquid coating composition, an 

45 air pump and a substrate transferring conveyor and carries out the coating by feeding the liquid coating composition 
from the lower reservoir tank to the upper resen/oir tank with the air pump, feeding the composition spontaneously 
from the upper reservoir tank into the head part and then flowing down the coating composition onto a substrate surface 
being transferred by the conveyor. The above-mentioned liquid coating composition comprises particles of fluorine- 
containing polymer having an average particle size of from 0.01 to 1 00 ^im and has a viscosity of from 0.1 to 500 mPa-s 

50 at coating. 

[0019] A suitable temperature of the coating composition at coating is within a range of from 0° to 25°C. 

[0020] The present invention further relates to a coated article obtained by coating a substrate by the coating methods 

mentioned above. 

[0021] Also the present invention relates to the curtain flow coater having a head part equipped with a coating supply 
55 mechanism which can coat In a very unifonn coating thickness even at a low flow rate of the coating composition. The 
coating supply mechanism is characterized in that Inlet ports for supplying the coating composition into the head part 
are provided being faced opposite to each other in the same number on both two side walls arranged in a direction 
crossing a slit. 
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[0022] It is preferable that the above-mentioned liquid coating composition to be used for those coating methods is 
prepared by adding from 0.01 to 20 parts by weight (hereinafter referred to as "part"), preferably from 0.01 to 1 5.0 parts 
of at least one selected from the group consisting of an organic liquid, high molecular polyether surfactant, fatty acid 
ester, metal soap and silicone compound which have a defoaming ability based on 1 00 parts of the coating composition. 
5 [0023] Those additives act as a defoaming agent, and particularly a saturated aliphatic hydrocarbon having 6 to 12 
carbon atoms and/or an aromatic hydrocarbon having 7 to 11 carbon atoms are excellent In not only a defoaming 
activity but also film fomning property and physical properties of a coating film. 

[0024] Accordingly the present invention further relates to an aqueous dispersion composition, particularly a coating 
composition which contains fluorine-containing polymer particles having an average particle size of from 0.01 to 100 
10 and a surfactant, has a viscosity of from 0.1 to 500 mPa-s at coating and is prepared by adding a saturated aliphatic 

hydrocarbon having 6 to 12 carbon atoms and/or an aromatic hydrocarbon having from 7 to 11 carbon atoms as a 
defoaming agent In an amount of from 0.01 to 20 parts based on 100 parts of a solid content of the composition, and 
further relates to a composition suitable as a coating composition for a curtain flow coater. 

15 BRIEF DESCRIPTION OF DAWINGS 

[0025] Fig. 1 is a diagrammatic flow chart of the curtain flow coater (I) to be used in the present Invention. 
[0026] Fig. 2 is a diagrammatic flow chart of the curtain flow coater (II) to be used in the present invention. 
[0027] Fig. 3 is a diagrammatic cross-sectional view of the mechanism for supplying a coating composition to the 
20 head part, which is used in best embodiment of the present invention. 

[0028] Fig. 4 is a plan view of a coated article for explaining a measuring point of a coating thickness of a coating 
film of the coated article. 

[0029] Fig. 5 is a diagrammatic cross-sectional view of a conventional mechanism for supplying a coating composition 
to the head part. 

25 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0030] The fluorine-containing polymerto be used in the present invention is suitably used for Imparting, for example, 
non-sticking property and lubricity to a substrate to be coated. 
30 [0031] Examples of the preferred fluorine-containing polymer are a homopolymer or copolymer of monoethylene 
type unsaturated hydrocarbon in which a part or the whole of hydrogen atoms are substituted with fluorine atom or 
fluorine atom and chlorine atom. A mixture of the homopolymer and/or the copolymer can also be used. Non-restricted 
examples thereof are mentioned below. 

[0032] Examples of the homopolymer are, for instance, polytetrafluoroethylene (PTFE), polychlorotrifluoroethylene 
35 (PCTFE), polyvinylldene fluoride (PVdF) and polyvinyl fluoride (PVF). 

[0033] Examples of the copolymer are, for instance, copolymers of tetrafluoroethylene (TFE) with monomer copol- 
ymerizable with TFE, for example, a compound represented by the formula (I): 

40 X(CF2)„0„CF=CF2 (I) 

wherein X represents hydrogen atom, chlorine atom or fluorine atom, m is an integer of from 1 to 6, n is 0 or 1, a 
compound represented by the formula (II): 

C3F70[CF(CF3)CF20]p-CF=CF2 (M) 

wherein p is 1 or 2, or a compound represented by the fomnula (III): 

50 

X(CF2)^CY=CH2 (III) 

wherein X Is as defined above, Y represents hydrogen atom or fluorine atom, q is an integer of from 1 to 6. 
[0034] Examples of the copolymer are, for instance, TFE/perfluoro(alkyl vinyl ether) (PAVE) copolymer (PFA) and 
TFE/hexafluoropropylene (HFP) copolymer (FEP). In addition, there are TFE/chlorotrifluoroethylene (CTFE) copoly- 
mer, TFEA/inylidene fluoride (VdF) copolymer TFE/ trifluoroethylene (3FH) copolymer, TFE/ethylene copolymer (ET- 
FE), VdF/HFP copolymer, ethylene/CTFE copolymer (ECTFE), ethylene/hexafluoropropylene copolymer and TFE/pro- 
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pylene copolymer. 

[0035] Examples of the terpolymer are, for instance, VdF/TFE/HFP copolymers. 

[0036] Examples of the above-mentioned mixture of homopolymer or copolymer are, for instance, a mixture of PTFE 
and PFA, a mixture of PTFE and FEP, a mixture of PTFE, PFA and FEP, a mixture of PFA and FEP, and the tike. 
[0037] In addition, there are homopolymers or copolymers of a perfluoroalkyl (meth)acrytate, for example, 



RfNR^OCOR^^CHa, Rf(CH2)rOCOCR^=CH2, 



r 



RfCONR^OCOCR^=CH2, 



OH 
I 

RfCH2CHCH20COCR^=CH2 and 



? 



COR^ 



RfCH2CHCH20COCR^=CH2, 

wherein Rf is a perfluoroalkyl group having 4 to 20 carbon atoms, is hydrogen or an alkyi group having 1 to 10 
carbon atoms, R2 is an alkylene group having 1 to 10 carbon atoms, is hydrogen or methyl group, R^ is an alkyl 
group having 1 to 1 7 carton atoms, r is an integer of from 1 to 1 0, vinyl ester of carboxylic acid having a perfluoroalkyl 
group, for example, 

Rf(CH2)sCOOCH=CH2 

wherein Rf is as defined above, s is 0 or an integer of from 1 to 10, and allyl ester of (meth)acrylic acid having a 
perfluoroalkyl group, for example, 

RfCH=CH(CH2)rOCOCR^=CH2 

wherein Rf and r are as defined above, and the like, or copolymers of those monomers with other monomer copolym- 
erizable therewith. 

[0038] Non-restricted examples of the other copolymerlzable monomer are, for instance, an alkyl (meth)acrylate 
(alkyl having 1 to 20 carbon atoms), cyclohexyl (meth)acrylate, benzyl (meth)acrylate, polyethylene glycol di(meth) 
acrylate, N-methylolpropane acrylamide, ethylene, vinyl chloride, vinyl fluoride, (meth)acrylamide, styrene, a-methyl- 
styrene, p-methylstyrene, vinyl alkyl ether (alkyl having 1 to 20 carbon atoms), halogenated alkyl vinyl ether (alkyl 
having 1 to 20 carbon atoms), vinyl alkyl ketone (alkyl having 1 to 20 carbon atoms), maleic anhydride, butadiene. 
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isoprene, chloroprene, and the like, 

[0039] The above-mentioned fluorine-containing polymer particles are usually prepared by so-called emulsion po- 
lymerization of the above-mentioned monomer in an aqueous medium in the presence of a surfactant; and Is obtained 
in the form of colloid in which an average particle size In the aqueous dispersion (latex) is from 0.01 to 1 .0 The 

5 aqueous dispersion Is used as It is or is optionally coagulated and re-dispersed to give an aqueous dispersion in which 
particles having an average particle size of from 0.01 to 100 ^m are dispersed. An average particle size thereof is 
preferably from 0.1 to 1 0 ^lm from the viewpoint of good dispersion stability of the fluorine-containing polymer particles 
in the aqueous dispersion. However there is a case where the fluorine-containing polymer particles are unstable as 
they are, and sedimentation of polymer particles during storage and agglomeration of polymer particles by stirring 

10 easily occur. Therefore a surfactant is added to maintain dispersion stability of the polymer particles. 

[0040] With respect to the surfactant as such a dispersion stabilizing agent, for example, nonionic surfactants such 
as polyoxyethylene alkyi phenyl ether and polyoxyethylene alkyi ether are mainly used. Further a non-fluorlne-con- 
taining anionic surfactant such as sodium lauryl sulfate, a fluorine-containing anionic surfactant such as ammonium 
perfluorooctanoate, or the like is used together with the nonionic surfactant. 

15 [0041] Accordingly in the present invention, the fluorine-containing aqueous dispersion to be subjected to defoaming 
is one in which basically the fluorine-containing polymer particles having an average particle size of from 0.01 to 100 
p.m, preferably from 0.05 to 50 ^m, more preferably from 0.1 to 1 0 nm are dispersed stably in an aqueous liquid earner 
such as water by an activity of the above-mentioned surfactant. 

[0042] In addition to the above-mentioned fluorine-containing polymer particles, a resin other than the fluorine-con- 
20 talning resin can be added as the resin particles of the coating composition of the present invention for the purpose to 
improve characteristics of a coating film such as film fonnlng property and corrosion resistance. Non-restricted exam- 
ples thereof are a polyamide resin, polyimide resin, polyamideimide resin, polyether sulfone resin, polyphenylene 
sulfide resin, phenol resin, urea resin, epoxy resin, urethane resin, melamine resin, polyester resin, polyether resin, 
acrylic resin , acryl silicone resin, silicone resin, silicone polyester resin, and the like. Among those other resins, preferred 
25 are those having an average particle size within the same range as In the fluorine-containing polymer, that is, from 
0.01 to 100 iim. An adding amount thereof is optionally selected depending on purpose, application and required 
characteristics. 

[0043] A liquid medium for the liquid coating composition of the present invention is water or a liquid mixture mainly 
comprising water (hereinafter the both are referred to as "aqueous medium"), or one or a mixture of two or more organic 

30 liquids (hereinafter referred to as "organic medium"), 

[0044] Non-restricted example of the organic liquid is, for instance, at least one selected from the group consisting 
of nitrogen-containing solvents such as N-methyl-2-pyrrolldone and dimethylacetamide; oxygen-containing solvents 
such as rbutyrolactone; aromatic hydrocarbons such as xylene and toluene; hydrocarbons such as petroleum solvent 
mixtures represented by mineral spirit (JIS industrial gasoline No.4) and SOLVESSO (available from EXXON CHEM- 

35 ICAL CO., LTD.); esters such as butyl acetate; ketones such as methyl isobutyl ketone; glycol ethers such as butyl 
cellosolve; and alcohols such as 1-butanol. 

[0045] In case of the aqueous dispersion composition of the present invention, which is prepared by using an aqueous 
medium, solvents of hydrocarbon as an organic liquid to be mixed to water, particularly solvents of saturated aliphatic 
hydrocarbon having 6 to 12 carbon atoms and aromatic hydrocarbon having 7 to 1 1 carbon atoms which are explained 

40 hereinafter and are added as a defoaming agent act as a defoaming agent but not as a solvent, 

[0046] Further in the present invention, it is preferable to add a defoaming agent to eliminate foaming which may 
arise at the time of mixing, feeding, coating or collecting the coating composition. Examples of the defoaming agent 
are at least one of an organic liquid, high molecular polyether surfactant, fatty acid ester, metal soap or silicone com- 
pound and a mixture of two or more thereof. 

45 [0047] An organic liquid as a defoaming agent is used when the liquid carrier is the aqueous medium. Non-restricted 
examples thereof are mentioned below. 

[0048] Concretely there are nitrogen-containing solvents such as N-methyl-2-pyrrolidone, dimethylacetamide, di- 
ethylamlne, triethylamine, ethanolamine, diethanolamine and triethanolamine; oxygen-containing solvents such as y- 
butyrolactone; aromatic hydrocarbons such as xylene and toluene; hydrocarbons such as petroleum solvent mixtures 

50 represented by mineral spirit (JIS industrial gasoline No.4) and SOLVESSO (available from EXXON CHEMICAL CO., 
LTD.); esters such as butyl acetate; ketones such as methyl isobutyl ketone and acetone; polyvalent alcohols such as 
ethylene glycol, diethylene glycol, triethylene glycol and glycerine; ethers such as tetrahydrofuran; glycol ethers such 
as butyl cellosolve; monovalent alcohols such as 1-butanol, methyl alcohol, ethyl alcohol and isopropyl alcohol; and 
acetylenes such as 2,4,7,9-tetramethyl-5-decyne-4,7-diol and 3,5-dimethyl- 1 -hexyne-3-ol. At least one selected there- 

55 from can be used. Preferably used is at least one selected from the group consisting of toluene, xylene, mineral spirit, 
SOLVESSO, ethylene glycol and 2.4,7,9-tetramethyl-5-decyne-4,7-diol which can provide a defoaming effect in a small 
amount. 

[0049] Further a saturated aliphatic hydrocarbon having 6 to 1 2 carbon atoms and/or aromatic hydrocarbon having 
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7 to 11 carbon atoms are preferred from the viewpoint of exhibiting a remarkable defoaming activity and giving a film 
forming property of the composition and physical properties of a coating film. Details thereof are explained hereinafter 
[0050] Non-restricted example of the usable high molecular polyether surfactant as a defoaming agent is, for in- 
stance, at least one nonionic surfactant having a low HLB value (hydrophilic property) selected from sorbitan lauryi 
5 acid monoester, sorbitan lauryi acid triester, polyethylene glycol fatty acid ester, oxyethylene/oxypropylene random 
copolymer, oxyethylene/oxypropylene block copolymer, and the like. 

[0051 ] Non-restricted examples of the usable fatty acid ester as a defoaming agent are, for instance, triglyceryl ester 
of fatty acid and glycerine (so-called triglyceride), ester of fatty acid and higher monovalent alcohol or divalent alcohol 
(so-called wax), and the like. 

10 [0052] Non-restricted examples of the usable metal soap as a defoaming agent are, for instance, metal salts other 
than alkali metal of fatty acid, resin acid and naphthenic acid, and the like. 

[0053] Non-restricted example of the usable silicone compound as a defoaming agent is, for instance, at least one 
selected from dimethyl silicone, methyl chloride silicone, organic modified silicone, and the like. The silicone compound 
can be used in the fonm of solution prepared by dissolving the silicone compound in an organic solvent or in the form 

15 of emulsion prepared by emulsifying and dispersing the silicone compound in water. 

[0054] An amount of the organic liquid, high molecular polyether surfactant or silicone compound as a defoaming 
agent which can be added, as case demands, to the coating composition to be used in the present invention is from 
0.01 to 1 5.0 parts, preferably from 0.02 to 1 0.0 parts based on 1 00 parts of a solid content of the coating composition. 
When the above-mentioned specific hydrocartaon is used as a defoaming agent, an adding amount thereof is from 

20 0.01 to 20 parts, preferably from 0.1 to 10 parts based on 100 parts of a solid content of the coating composition. 

[0055] In the present invention, a viscosity of the coating composition at coating for the curtain flow coater must be 
from 0.1 to 500 mPa s, preferably from 1 to 300 mPa s, further preferably from 5 to 130 mPa s. A temperature of the 
coating composition at coating is usually from 0° to 25°C, more preferably from 1 0° to 25'*C. If the viscosity is too high, 
since foams are difficult to break, many marks of the foams remain on the coating film even after drying and sintering, 

25 and when the curtain flow coater is operated for a long period of time, a solid sticks on inner walls of a reservoir tank 
and the marks of foams on the coating film further increase. If the viscosity is too low, there is a tendency that the 
coating composition sticking on a substrate flows. If the temperature of the coating composition is loo low at coating, 
a liquid carrier of the coating composition is frozen when it is water or a f lowability of the composition is inferior. Therefore 
the composition need be diluted with the liquid carrier and a coating thickness after drying becomes thin. Also when 

30 the temperature at coating is not less than 25*'C, the fluorine-containing polymer particles are easily agglomerated. In 
the present invention the viscosity is measured with a rotational viscometer with a single cylinder (SB viscometer) 
described in JiS K5400-4.5.3. 

[0056] The present invention also relates to the aqueous dispersion composition, further to the coating composition 
particularly suitable for curtain flow coating which contains a surfactant and further a specific hydrocarbon compound 
35 as a defoaming agent as mentioned above. The aqueous dispersion composition and the specific hydrocariDon com- 
pound to be used therefor are explained below in detail. However with respect to the surfactant, etc. already explained 
above, explanation thereof is deleted to avoid duplication. 

[0057] The specific hydrocariDons particularly preferred as a defoaming agent are a saturated aliphatic hydrocarbon 
having 6 to 12 cartDon atoms and/or an aromatic hydrocarbon having 7 to 11 carbon atoms. It is a fact found out for 
40 the first time in the present invention that those hydrocarbon compounds have a remarkable defoaming activity on the 
aqueous dispersion of fluorine-containing polymer 

[0058] A saturated aliphatic hydrocarbon having 5 or less carbon atoms has a low boiling point and is inferior in 
defoaming ability. Also a saturated aliphatic hydrocarbon having 1 3 or more carbon atoms and an aromatic hydrocarbon 
having 12 or more cari^on atoms are inferior in defoaming ability and have a high boiling point, and thus delay drying 
45 of the coating composition and easily remain in a coating film. 

[0059] Non-restricted examples of the saturated aliphatic hydrocarbon having 6 to 12 cartDon atoms which can be 
used in the present invention are preferably one or a mixture of two or more of compounds represented by the following 
formulae. Also there are cyclic compounds such as ethylcyclohexane. 

CH3{CH2)iCH3 

wherein 1 = 4 to 10, 

55 
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<pH3 

CH3CH(CH2)„,CH3 



wherein m = 2 to 8, 



CH3(CH2)o<j:(CH2)nCH3 
CH3 



Wherein n = 0 to 6, 0 = 0 to 6, (n + o) ^ 7 except n = 0 = 0, 



?' 

CH3(CH2)pCH{CH2)qCH(CH2),CH3 



wherein p = 0 to 6, q = 0 to 6, r = 0 to 6, (p + q + r) g 6, 



CH, 
I 

CH3(CH2)aCH(CH2)tCH3 



wherein s = 1 to 6, t = 1 to 6, (s + 1) s 8, 



^H2CH3 
CH3CH2CH(CH2)uCH3 



wherein u = 0 to 6, 



CH, CH2CH3 
I I 

CH3CH CH(CH2)vCH3 



wherein v = 1 to 5, 
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10 wherein w = 1 to 5, 



15 



20 



25 



30 



wherein x = 0 to 5, 



CHoCHo 
CH3CH2C(CH2)wCH3 
CH3 



CH3CH - (j:{CH2)^CH3 
CH3 



<pH3 (pH3 
CH3CH - CH(j:H{CH2)yCH3 



CH. 



wherein y = 0 to 4, 



35 



40 



CHr> CHo 

I I 

CH3C - C(CH2)^CH3 

CH3 CH3 



Wherein z = 0 to 4, and 



45 



50 



CH 



^H3 

j^(CH2)a<j:H(CH2)5CH3 



CH3 CHi 



wherein a = 0 to 6, b = 0 to 6, a + b ^ 5. 

[0060] Non-restricted examples of the aromatic hydrocarbon having 7 to 1 1 carbon atoms are, for instance, toluene, 
xylene, trimethyl benzene, methyl ethyl benzene, propyl benzene, butyl benzene, and the like. Also a mixture of two 
or more aromatic hydrocarbons selected therefrom may be used. Examples of commercially available one are SOLVES- 
SO 100. SOLVESSO 150 and SOLVESSO 200 (available from EXXON CHEMICAL CO., LTD). 
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[0061] Further at least one saturated aliphatic hydrocarbon having 6 to 12 carbon atoms and at least one aromatic 
hydrocarbon having 7 to 11 carbon atoms may be used together. Examples of such a mixture commercially available 
are mineral spirits (Japanese Industrial Standard. Industrial gasoline No. 4) which are advantageous from the viewpoint 
of being obtainable at very low cost. 

5 [0062] An adding amount of those hydrocarbon compounds as a defoaming agent is, as mentioned above, from 0.01 
to 20 parts by weight, preferably from 0.1 to 1 0 parts by weight based on 1 00 parts by weight of a solid content of the 
aqueous dispersion of fluorine-containing polymer. When the adding amount is less than 0.01 part by weight, It is not 
preferable because a defoaming effect is not obtained sufficiently, and when the adding amount is more than 20 parts 
by weight, it is not preferable because a dispersion stability of the fluorine-containing polymer particles is lowered. The 

10 above-mentioned other known defoaming agents may be used together. 

[0063] It is preferable that a viscosity of the aqueous dispersion composition of the present invention Is adjusted to 
0.1 to 500 mPa s, preferably 1 to 300 mPa-s for the curtain flow coater. 

[0064] Also the viscosity is not limited particularly when the composition is applied to other use or other coating 
method. The viscosity may be adjusted in a range of from 0.1 to 1 0,000 mPa-s, further from 1 to 1,000 mPa-s depending 
15 on the application and coating method. With respect to a solid content, a preferred range of the solid content is from 
1 0 to 80 % by weight, usually from 20 to 70 % by weight. 

[0065] Also examples of other coating method are, for instance, spray coating, roll coating, doctor blade coating, dip 
coating, Impregnation coating, spin flow coating, and the like. 

[0066] To the coating composition to be used in the present invention can be further added various additives de- 
20 pending on applications of a coating film or for the purpose to improve coatability and characteristics of the coating 
film. Examples of the additive are, for instance, a solid lubricant, pigment, filler, pigment dispersing agent, antisettling 
agent, water absorbing agent, surface modifier, thixotropy imparting agent, viscosity modifier, gelation Inhibitor, ultra- 
violet ray absorbant. light stabilizer, plasticizer, antif loating agent, antiskinning agent, scratch inhibitor, antifungal agent, 
antibacterial agent, antioxidant, antistatic agent, silane coupling agent, and the like. 
25 [0067] Non-restricted examples of the substrate to be coated by the coating method of the present invention are, for 
instance, metals such as iron, aluminum, copper and alloys thereof; inorganic materials such as enamel, glass and 
ceramics; and the like. It is desirable that before coating with a curtain flow coater, surface preparation by degreasing. 
chemical conversion treatment, acid or alkali etching or sand blasting Is carried out depending on kind and application 
of the coating composition. 

30 [0068] In the present invention, a known curtain flow coater (I) and the curtain flow coater (II) specially modified for 

the fluorine-containing polymer particles may be used. 

[0069] First the curtain flow coater (I) is explained according to a diagrammatic flow chart of Fig. 1 . The curtain flow 
coater (I) basically comprises the head part 3 with the slit 4, the reservoir tank 5 of the liquid coating composition 1 , 
the coating composition supply pump 6 an-anged in the reservoir tank 5 and equipped with the rotation part (impeller) 

35 7 and the conveyor 8. The curtain flow coater (I) Is an equipment for supplying the liquid coating composition 1 from 
the resen/oir tank 5 provided at the bottom thereof into the head part 3 through a feeding pipe 20 by means of the 
supply pump 6 by adjusting a peripheral velocity of the rotation part 7 of the pump and then flowing down through the 
slit 4 to coat the composition on a surface of the substrate 2 being transferred by means of the conveyor 8. 
[0070] Though some kinds of pumps are used as the coating composition supply pump 6 depending on a viscosity 

40 of the coating composition 1 , in case where a viscosity of the composition is as relatively low as from 0,1 to 500 mPa-s, 
preferred is a centrifugal pump which generates a swirling flow of the composition 1 in the reservoir tank 5 by rotating 
the impeller (rotation blade), i.e. the rotation part 7 of the pump 6 and lifts up the composition by making use of centrifugal 
force. In that case, a peripheral velocity of the rotation part (impeller) 7 need be from 0. 1 to 1 2.0 m/sec, preferably from 
1 .0 to 8.0 m/sec, more preferably from 3.0 to 7.0 m/sec. When the peripheral velocity is too low, the coating composition 

45 cannot be lifted' up, and when the peripheral velocity is too high, a strong shearing force is applied to the coating 
composition, thus causing agglomeration or fibrillation of the fluorine-containing polymer particles. The peripheral ve- 
locity of the rotation part (impeller) can be obtained by the following equation. 



50 



55 



(Peripheral velocity: m/sec) = (Number of rotations per minute of 
impeller: rpm) x 2 x (Radius of impeller: m) x (Number n)/60 

[0071 ] Usually the feeding pipe 20 for feeding the coating composition from the pump 6 to the head part 3 is provided 
with a flow regulating valve 1 6 and a filter chamber 1 7 for removing a foreign matter (for example, an agglomerate of 
a large particle size). 

[0072] In addition to the above-mentioned centrifugal pump, pumps having a rotation part such as a mixed flow pump, 
axial flow pump, gear pump, vane pump, screw pump, cam pump and vortex flow pump can be used as the coating 
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composition supply pump 6. 

[0073] In case of the curtain flow coater (I), when the above-mentioned conditions (average particle size of the 
fluorine-containing polymer particles, viscosity of the coating composition at coating, and peripheral velocity of the 
rotation part of the pump) are set in the respective ranges of the present invention, the coating composition of fluorine- 

5 containing polymer can be coated continuously on a substrate. Other operating conditions are selected optionally. 
[0074] Then the curtain flow coater (II) is explained below according to the diagrammatic flow chart of Fig. 2. The 
curtain flow coater (II) comprises the head part 3 having the slit 4, the lower reservoir tank 5a of the liquid coating 
composition 1 , the upper reservoir tank 5b of the liquid coating composition 1 , the air pump 9 and the substrate trans- 
ferring conveyor 8. The curtain flow coater (II) is an equipment for feeding the liquid coaling composition 1 from the 

10 lower reservoir tank 5a to the upper reservoir tank 5b with the air pump 9, feeding the composition 1 from the upper 
reservoir tank 5b to the head part 3 spontaneously and then flowing down the composition through the slit 4, thus 
coating a surface of the substrate 2 being transferred by means of the conveyor 8. 

[0075] The curtain flow coater (II) has a novelty in that the coating composition is fed and supplied in combination 
use of the lower reservoir tank 5a, upper reservoir tank 5b and air pump 9. As mentioned above, if a shearing force is 

15 applied to the coating composition containing fluorine -containing polymer particles, agglomeration and fibrillation are 
easily caused. In the curtain flow coater (II), the shearing force is minimized by using the air pump 9. The air pump 9 
basically comprises a chamber 10, a connection valve 11, a compressed air valve 12, a release valve 13, a feeding 
pipe 14 and a check valve 15 equipped on the pipe 14. In operating the pump, first the connection valve 11 is opened 
to introduce the coating composition in the lower reservoir tank 5a into the chamber 10. At that time, the compressed 

20 air valve 12 and the check valve 15 are previously closed and the release valve 13 is previously opened. Then the 
connection valve 11 and the release valve 13 are closed, and the compressed air valve 12 is opened to increase a 
pressure of an upper part in the chamber 10. When the pressure reached a specified pressure, by opening the check 
valve 15, the coating composition passes through the feeding pipe 14 and as case demands, passes through a filter 
chamber 17 and is pushed out into the upper reservoir tank 5b. After the coating composition in the chamber 10 has 

25 been delivered, the check valve 15 and the compressed air valve 12 are closed and the connection valve 11 and the 
release valve 13 are opened to restore the chamber to an initial state. The coating composition lifted up to the upper 
reservoir tank 5b is flowed down into the head part 3 spontaneously by its static pressure and then flowed through the 
slit 4 in the fomri of a curtain-like film to be coated on the substrate 2. In order to adjust the flowing amount into the 
head part 3, the flow regulating valve 16 may be provided. A lift up operation of the coating composition by means of 

30 the air pump 9 is repeated in a cycle enabling the flowing through the slit 4 to be carried out at a stationary state. 

[0076] In addition to the above-mentioned pump for feeding compressed air, a piston pump, plunger pump and dia- 
phragm pump can be used as the air pump 9. 

[0077] As mentioned above, in the curtain flow coater (II), there are almost no portions where a shearing force is 

applied to the coating composition. Thus the curtain flow coater (II) is advantageous as a coater for the coating com- 
35 position of fluorine-containing polymer particles which has specific problems with agglomeration and fibrillation. 

[0078] An air pressure to be applied in the chamber 10 may be selected optionally depending on a viscosity of the 
coating composition, kind of fluorine-containing polymer and an effective width of the slit 4. A preferred pressure is 
from about 0.01 MPa to about 1 .0 MPa. 

[0079] Other preferred conditions common to the curtain flow coaters (I) and (II) are briefly explained below. 
40 [0080] A clearance of the slit 4 of the head part 3 is adjusted so that the flowing film of the coating composition In 
the forni of curtain should not be broken in the viscosity and flow of the coating composition. The clearance is usually 
within a range of from 0.1 to 1 .0 mm. 

[0081] When a speed of the conveyor 8 for transferring the substrate 2 (article to be coated) horizontally Is slow, a 
coating amount increases, and when the speed is fast, the coating amount decreases. The conveyor speed is deter- 
45 mined to give a desired coating amount, and is usually within a range of from 20 to 1 50 m/min. 

[0082] The coating composition is usually supplied to the head part 3 through one feeding pipe 20 provided with the 
flow regulating valve 1 6 and an inlet port 22a provided on one side wall 21 a as shown in Fig. 5 which Is a diagrammatic 
cross-sectional view of the head part 3. The side walls 21 a and 21b are positioned opposite to each other in a direction 
crossing the slit 4. 

50 [0083] However if a flow of the coating composition is decreased to inhibit generation of foams during the feeding 
or to form a thin coating film, naturally an amount of the composition to be supplied to the head part 3 decreases and 
an amount of the composition in the head part 3 decreases. Accordingly an amount of the composition flowing down 
at the side far from the inlet port 22a decreases and the amount of the composition flowing down from the slit 4 becomes 
non-uniform in the longitudinal direction of the slit 4. As a result, a coating thickness on the substrate 2 becomes thin 

55 at the side far from the inlet port 22a. 

[0084] In order to reduce non-uniformity of the flowing down amount of the composition, studies have been made, 
and it was found that as shown in Fig. 3, by supplying the coaling composition into the head part 3 simultaneously 
through the Inlet ports 22a and 22b provided on the side walls 21 a and 21b, even if a supply amount of the composition 
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is decreased and an amount thereof in the head part 3 is decreased, non-uniformity in an amount flowing down through 
the slit 4 does not occur and also non-unifontilty in an obtained coating thickness does not anse. 
[0085] For feeding the coating composition to the inlet ports 22a and 22b. there is. for example, a method of branching 
the feeding pipe 20 into two pipes 23a and 23b between the filter chamber 1 7 and the head part 3, providing flow 
5 regulating valves 24a and 24b on the pipes 23a and 23b. respectively and connecting the pipes 23a and 23b to the 
inlet ports 22a and 22b, respectively. Though It is not shown in the drawings, two supply pumps (shown in Fig. 1) may 
be used and pipes may be connected directly to each inlet port through flow regulating valves. 
[0086] Amounts of the coating composition flowing into the head part 3 from the inlet ports 22a and 22b positioned 
opposite to each other are adjusted with the flow regulating valves 24a and 24b so that the amounts become the same 

10 substantially. . ^ . ui 

[0087] Though on each of the side walls 21a and 21 b. one or a plurality of inlet ports may be provided, it is preferable 

that the number of inlet ports on both side walls is the same. 

[0088] This two-way simultaneous supplying mechanism Is useful means when the flow rate must be decreased not 
only in case of the coating composition containing fluorine-containing polymer, the flow rate of which need be minimized. 

IS but also In case of other coating composition. ^v. 

[0089] In the present invention, after coating of the coating composition with the curtain flow coater, diying and baking 
are carried out under the conditions of from 10° to 420°C for 10 to 45 minutes depending on kind of the coating com- 
position. After the drying of the coating film. If necessary, re-coating can be canied out with the curtain flow coater. By 
repeating those steps, it is possible to form two or more coating layers. 

20 [0090] The so-obtained coating film is excellent in surface lubricity and has good gloss as compared with a coating 
film obtained by conventional spray coating method. 

[0091] Non-restricted examples of application of the coated article are, in case of making the best use of non-sticking 
property of the coating film, applications for metal cooking apparatuses such as frying pan. pot, roasting pot, nee cooker, 
oven, electric pot. ice making tray, griddle, baking mold, cooking knife and portable gas range; and industrial uses such 
25 as roll, range hood and metal mold; and in case of making the best use of lubricity of the coating film, tools such as 
saw and file- iron, bearing, valve, wire and metal foil (for sliding member), and the like. 

[0092] The present invention is then explained by means of examples and comparative examples, but is not limited 
to them. 



30 EXAMPLE 1 



[0093] A coating composition for primer was prepared by sufficiently mixing with a stirrer, 100 parts of aqueous 
dispersion of PTFE (aqueous dispersion of PTFE particles having an average particle size of 0.28 \m (solid content: 
60 % by weight). 6 % by weight of nonionic polyether surfactant based on PTFE is contained as a dispersion stabilizer). 

35 98 84 parts of aqueous dispersion of polyamidelmide (an aqueous dispersion (solid content: 20 % by weight) of polya- 
■ mideimide prepared by mixing and stirring 20 parts of polyamideimide vamish (containing 71 % by weight of N-methyl- 
2-pyrrolldone) having a solid content of 29 % by weight with 9 parts of deionized water), 6.59 parts of mill base 1 
(pigment a mixture prepared by mixing 90.2 parts of deionized water, 6.24 parts of nonionic polyether surfactant and 
31 1 parts of carbon with a ball mill). 1.39 parts of ammonium salt of fluorocarboxylate (dispersion stabilizer), 30.98 

40 parts of deionized water (liquid can-ier). 1 .39 parts of high molecular polyether surfactant 1 (dispersion stabilizer, poly- 
oxyethylene nonyl phenyl ether), 0.4 part of methyl cellulose (thickener) and 0.63 part of acetylene defoaming agent 
1 (a mixture of 2,4,7.9-tetramethyl-5-decyne-4.7-diol and nonionic surfactant). 

[0094] The obtained coating composition for primer was coated at 18° to 22°C on an aluminum plate previously 
degreased and sand-blasted by using the curtain flow coater (I) shown in Fig. 1 (peripheral velocity of a rotation part 

45 (impeller) of a centrifugal pump: 5 m/sec. clearance of slit: 0.5 mm, effective width of conveyor: 300 mm, conveyor 
length- 1 010 mm (two conveyors were provided), conveyor speed: adjusted to 80 to 100 m/min) so that a coating 
thickness after drying would become 12 to 15 urn. The drying was carried out at 80» to 100»C for 15 minutes to give 
a dried coating film. A viscosity (2000) of the coating composition when used (coated) was 116 mPa s. The coating 
was started 30 minutes after starting operation of the curtain flow coater. Baking was not carried out since the coating 

50 film was a primer layer. ., u, , .^a 

[0095] The viscosity was measured by rotating No. 2 rotor of Brookfield viscometer (model BM) available from KA- 
BUSHIKI KAISHA TOKYO KEIKI at 60 rpm at 20'>C for two minutes. 

[0096] An appearance of the coating film obtained 30 minutes after starting of the drying was observed by the fol- 
lowing method. The appearance was "good" in observation with naked eyes, and was evaluated as Point 5 in obser- 
55 vation through a microscope. 
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(Appearance of coating film) 
[0097] 

5 Observation with naked eyes: Existence of marks of foams and hollow on the coating film is observed and if there 

is no abnormality, it is evaluated as "good". 

Observation through microscope: Existence of marks of foams is observed with a metallurgical microscope {X30) 
available from NIKON CORPORATION, and the number of marks is evaluated by five points. 
Point 1 : More than 20 marks of foams per 1 mm^. 
10 Point 2: More than 10 and not more than 20 marks of foams per 1 mm2. 

Point 3: More than 3 and not more than 10 marks of foams per 1 mm^. 
Point 4: 1 to 3 marks of foams per 1 mm^. 
Point 5: No marks of foams. 

15 EXAMPLES 2 to 7 

[0098] Liquid coating compositions were prepared by mixing the following components In amounts shown in Table 
1 (part by weight) and coated on the primer layer fornied in Example 1 with the curtain flow coater (I). 

20 (Resin component) 

Aqueous dispersion of PTFE: 

[0099] Aqueous dispersion of PTFE particles having an average particle size of 0.28 jim (solid content: 60 % by 
25 weight) and containing 6 % by weight of nonionic polyether surfactant as a dispersion stabilizer based on PTFE. 

Polyether resin emulsion: 

[01 00] Aqueous dispersion (solid content: 30 % by weight) of polyether type urethane resin having a molecular weight 
30 of about 2,000. 

(Dispersion stabilizer) 

[0101] 

35 

Ammonium perfluorooctanoale 
Sodium lauryl sulfate 

(Defoaming agent) 

40 

High molecular polyether surfactant 2: 

[0102] Oxyethylene/oxypropylene random copolymer (high molecular polyether surfactant as a defoaming agent) 
having an average molecular weight of 25,000. 

45 

Toluene (defoaming agent as an organic liquid) 

Mineral spirit (defoaming agent as an organic liquid): 

50 [0103] Industrial gasoline No. 4 of Japanese Industrial Standard which is a mixture of saturated hydrocarbon and 
aromatic hydrocarbon (boiling point: 160* to 200*'C). 

Acetylene defoaming agent 2: 

55 [0104] A mixture of 2,4,7,9-tetramethyl-5-decyne-4,7-diol and ethylene glycol (75/25 weight ratio). 
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Silicone defoaming agent: 

[0105] Emulsion prepared by emulsifying alkyl-modified silicone oil with a nonionic surfactant as a dispersion 
lizer In water (solid content: 30 % by weight). 

(pH controller) 



[0106] Succinic acid 
(Coloring agent) 



Mill base 2: 



[01071 A mixture prepared by mixing 6.75 parts of deionized water, 0.72 part of nonionic polyether surfactant as a 
dispersion stabilizer, 0.18 part of ammonium perfluorooctanoate, 0.90 part of carbon and 0.45 part of iron oxide red 
(a-iron trioxide) with a ball mill. 



(Filler) 

Mica coated with titanium dioxide: 

[01 08] Mica coated with titanium dioxide and having a specific weight of about 3 and an average particle size of 30 ^m. 



(Liquid carrier) 

[01 09] Deionized water 

[0110] The curtain flow coater (I) having the same specifications as In Example 1 was used, and a conveyor 
was adjusted in a range of 45 to 90 m/min to a desired coating thickness. 



(Coating method) 

[0111] The coating compositions of Examples 2 to 7 were coated on the primer layer formed in Example 1 on the 
respective coating conditions (peripheral velocity of impeller of pump) shown in Table 1 so that a coating thickness 
would be from 1 7 to 22 jim (Table 1) after drying. The coating was carried out about 30 minutes after starting operation 

of the curtain flow coater. .^^„^, • ♦ 

[0112] The coated article obtained 30 minutes after starting of the coating was dried at 80° to 1 00°C for 1 0 mmutes. 
and then baked at 380°C for 20 minutes, followed by cooling to room temperature. Then with respect to the coating 
film appearance thereof was evaluated and the following tests were carried out. The results are shown in Table 1 . 



(Surface roughness) 

[01 13] An average value (Ra) of surface roughness of a coating film Is obtained by using a surface roughness meter 
(trade name: SURFCOM) available from TOKYO SEIMITSU KABUSHIKI KAISHA. 



(Gloss) 



r0114l A qlossiness of a coating film is measured under the conditions of incidence angle of 60*» and light receiving 
angle of 60° by using SM COLOR COMPUTER (Model SM-7) available from SUGA SHIKENKI KABUSHIKI KAISHA. 



EXAMPLE 8 



[01 1 5] A liquid coating composition was prepared by using components shown In Table 1 and coated at 20^C on the 
primer layer formed in Example 1 by using the curtain flow coater (11) having the following specifications. The coating 
was carried out about 30 minutes after starting of the curtain flow coater 

[01 1 6] The coated article obtained 30 minutes after starting of the coating was dried at BO^ to 1 0O'C for 1 0 minutes, 
and then baked at 380°C for 20 minutes, followed by cooling to room temperature. Then with respect to the coating 
film, appearance thereof was evaluated and the following tests were carried out in the same manner as In Example 2. 
The results are shown In Table 1 . 
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Curtain flow coater (II) 

[0117] The curtain flow coater was an equipment shown in Fig. 2. Clearance of slit: 0.5 mm. Effective width of con- 
veyor: 300 mm. Conveyor length: 1,010 mm (two conveyors were provided). A conveyor speed was adjusted to 45 to 
90 m/min. A maximum air pressure in the chamber 10 was adjusted to 0.1 MPa. 

COMPARATIVE EXAMPLE 1 

[0118] A liquid coating composition was prepared by using components shown in Table 1 . The coating composition 
was spray-coated at a spraying pressure of 0.2 MPa by using a gravity-type spray gun having a nozzle diameter of 
1 .0 mm (Model RG-2 available from ANESTO IWATA KABUSHIKI KAISHA) so that a coating thickness after drying 
would be 20 tim. 

[0119] After the coating, drying was earned out at 80° to lOO^C for 10 minutes, and then baking was carried out at 
380*^0 for 20 minutes, followed by cooling to room temperature. Then with respect to the coating film, appearance 
thereof was evaluated and the following tests were carried out in the same manner as in Example 2. The results are 
shown in Table 1 . 
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EXAMPLE 9 

[0120] After operating the curtain flow coater (I) continuously for seven hours under the completely sanne conditions 
as in Example 2, coating was carried out. followed by drying and baking. With respect to the coating film of the obtained 
coated article, appearance and physical properties thereof was evaluated in the same manner as in Example 2. Good 
results were obtained similarly to Example 2. 

[0121] As it is clear from the results of Examples 1 to 9 and Comparative Example, when the liquid coating compo- 
sition which contains the fluorine-containing polymer particles having an average particle size of from 0.01 to 100 ^m 
and has a viscosity adjusted to 0.1 to 500 mPa-s at coating (0°C to 25°C), a curtain flow coater which has been difficult 
to be used for the coating composition comprising fluorine-containing polymer particles can be used and a coating film 
which is low in surface roughness. Is excellent in gloss and is free from marks of foams or small in the number of marks 
even if observation Is made through a microscope can be obtained. 

[0122] Also in case where the curtain flow coater (I) having a coating composition supply pump equipped with a 
rotation part is used, when the coating composition is supplied to the head part under the condition that a peripheral 
velocity of the rotation part of the supply pump is from 0.1 to 1 2.0 m/sec, a coating film found free from marks of foams 
even by means of a microscope can be obtained. On the other hand, also in case of the curtain flow coater (II) employing 
the air pump, a coating film which is low in surface roughness, is excellent in gloss and is free from marks of foams 
even if observation is made through a microscope can be obtained. 



EXAMPLE 10 

[0123] A curtain flow coater (I) shown in Fig. 1 was used. The feeding pipe 20 was branched into two pipes 23a and 
23b above the filter chamber 1 7 and the pipes 23a and 23b were connected to the inlet port 22a and 22b, respectively 
which were provided on the head part 3 as shown in Fig. 3. 

[01 24] Thirty minutes after starting of the curtain flow coater, coating was carried out by using the coating composition 
used in Example 2 on an aluminum plate (200 mm x 200 mm x 1 .5 mm) previously degreased and sand-blasted 
under the coating conditions th at a peripheral velocity of the rotation part (impeller) of the centrifugal pump was 4.7 m/ 
sec a clearance of the slit 4 was 0.5 mm, an effective width of the conveyor was 300 mm. a conveyor length was 1 ,01 0 
mm' (two conveyors were provided) and a conveyor speed was adjusted to 85 m/min so that a coating thickness after 
drying would be 20|im. 

[0125] The coated article obtained 30 minutes after starting of the coating was dried at 80° to lOCC for 1 0 minutes, 
and then baked at 380°C for 20 minutes, followed by cooling to room temperature. Then appearance and physical 
properties of the coating film were evaluated in the same manner as above and a thickness of the coating film on each 
part of the coated article was measured in the manner mentioned below. The results are shown in Table 2. 
[01 26] A coating thickness of the coated article obtained in Example 2 (in case of one Inlet port) was also measured 
for reference purpose. 



(Measurement of coating thickness) 

[0127] With respect to the baked coated article 25 shown in plan view of Fig. 4, a coating thickness at four points A 
to D shown in Fig. 4 was measured with an eddy-current instrument Model EL-10D for measuring coating thickness 
which was available from KABUSHIKI KAISHA SANKO DENSHl KENKYUSHO. 



EXAMPLE 11 

[0128] Coating was carried out in the same manner as In Example 1 0 except that a peripheral velocity of a rotation 
part (impeller) of the centrifugal pump was reduced to 4.0 m/sec. Physical properties, appearance and coating thickness 
of a coating film of the coated article were evaluated. The results are shown in Table 2. 
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It can be seen from Table 2 that a thickness of coating film of the coated article is more unifonm by providing 
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two inlet ports positioned opposite to each other for supplying a coating composition into the head part than providing 
one inlet port. The coated article obtained in Example 2 which is put in Table 2 for reference purpose is somewhat 
inferior in uniformity of the coating thickness, but it is clear from Table 1 that the physical properties and appearance 
thereof are more excellent than those produced by conventional method. Therefore the coated article obtained in 
5 Example 2 can be used without any problem for applications where no uniformity of a coating thickness is required 
(for example, cooking apparatuses such as frying pan). 

EXAf^PLES 12 to 18 and COMPARATIVE EXAMPLES 2 to 4 

10 [0130] Coating compositions were prepared by mixing the following components in a mixing ratio shown in Table 3 
(part by weight). 

(Polymer particle component) 

15 [01 31 J 

PTFE: PTFE particles having an average article size of 0.28 ^m 

Polyether resin emulsion: Emulsion of polyether type urethane resin particles having a molecular weight of about 
2,000 and a solid content of 30 % by weight. 

20 

(Dispersion stabilizer) 
[0132] 

25 Non ionic surfactant: Polyoxyethylene alkyi phenyl ether (molecular weight: 640) 

Fluorine-containing anionic surfactant: Ammonium perfluorooctanoate Anionic surfactant: Sodium lauryl sulfate 

(Film forming agent) 

30 [0133] Polyetherfilm forming agent: Oxyethylene/oxypropyleneblockcopolymer having an average molecular weight 
of 25,000 

(pH controller) 

35 [0134] Succinic acid 

(Pigment) 

[01 35] Mill base: A mixture prepared by mixing 6.75 parts by weight of deionized water, 0.72 part by weight of nonlontc 
40 polyether surfactant, 0.1 8 part by weight of ammonium perfluorooctanoate, 0.90 part by weight of carbon and 0.45 part 
by weight of iron oxide red (a-iron trioxide) in a ball mill 

(Filler) 

45 [0136] Titanium dioxide-coated mica: Mica coated with titanium dioxide which has a specific weight of about 3 and 
an average particle size of 30 \im 

(Aqueous liquid carrier) 

50 [0137] Deionized water 

(Defoaming agent) 

[0138] 

55 

n-Octane (number of carbon atoms: 7) 
n-Decane (number of carbon atoms: 10) 
n-Dodecane (number of carbon atoms: 12) 
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Trimethylbenzene (number of carbon atoms: 9) 
Xylene (number of carbon atoms: 8) 

Mineral spirit: Industrial gasoline No. 4 of Japanese Industrial Standard which is a mixture of saturated hy 
and aromatic hydrocarbon and has a boiling point of from 160° to 200°C 
n-Pentane (number of carbon atoms: 5) 

[0139] Polyether-modified silicone oil 

[0140] With respect to each of the obtained aqueous dispersion compositions, defoaming effect was evaluated by 
the following method. The results are shown in Table 3. 

{Defoaming effect of defoaming agent) 

[0141] A defoaming effect was evaluated by measuring an amount of foaming. The amount of foaming was measured 
In the manner mentioned below. 

[0142] In a 100 ml measuring cylinder is put 20 ml of coating composition, and the measuring cylinder is shaken 
vigorously up and down. Then an amount of foaming was read by a scale marked on the cylinder. When the amount 
of foaming is not more than 10 ml, a defoaming effect of the defoaming agent is evaluated as good. 



EXAMPLE 19 

[01 43] About 30 minutes after starting of the curtain flow coater of Fig. 1 , the coating composition (aqueous disper- 
sion) shown In Example 1 8 of Table 3 was coated on an aluminum plate previously subjected to degreasing treatment 
by using the above-mentioned coater under the conditions that a peripheral velocity of rotation part (impeller) of a 
centrifugal pump was 4.7 m/sec and a conveyor speed was 85 nn/min. After the coating, drying was carried out at 80" 
to 1 0O^C for 1 0 minutes, and then baking was carried out at 380^C for 20 minutes (coating thickness after the baking: 
22 fim), followed by cooling to room temperature. The characteristics of the coating film were observed in the manner 
mentioned below. 



(Characteristics of coating film) 

[01 44] Coating was carried out in the manner mentioned below by using a known curtain flow coater diagrammatical ly 
shown in Fig. 1 and an appearance of the obtained coating film was observed. 

[0145] The aqueous dispersion composition was coated at 1 8° to 22°C on an aluminum plate previously subjected 
to degreasing treatment by using the curtain flow coater shown in Fig. 1 (peripheral velocity of rotation part (impeller) 
of centrifugal pump: 4.7 m/sec, clearance of slit 4: 0.5 mm, effective width of conveyor: 300 mm, conveyor length: 
1,010 mm (two conveyors were provided), a conveyor speed was adjusted to 80 to 100 nn/min). After the coating, 
drying was carried out at 80'' to 1 00°C for 1 0 minutes, and then baking was carried out at380''C for 20 minutes, followed 
by cooling to room temperature. Then appearance of the coating film were observed. A coating thickness after the 
baking was 22 ^m. A viscosity (20°C) of the coating composition when used (coated) was 106 mPa-s. The coating 
was started 30 minutes after initiating the operation of the curtain flow coater 

[01 46] The viscosity was measured at 20<'C by rotating No. 2 rotor of B type viscometer (model BM) available from 
KABUSHIKl KAISHA TOKYO KEIKI at 60 rpm for two minutes. 

[0147] An appearance of the obtained coating film was evaluated 30 minutes after starting of the coating in the same 
manner as in Example 7. The appearance was evaluated as "Good" in the observation with naked eyes and evaluation 
with a microscope was Point 5. 



COMPARATIVE EXAMPLE 5 

[0148] Coating was carried out by using a curtain flow coater under the same conditions as in Example 1 8 except 
that a composition shown in Comparative Example 4 of Table 3 was used as an aqueous dispersion composition. 
Marks of foaming were found when the coating film after the baking was observed with naked eyes, and smooth coating 
film could not be formed. 
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INDUSTRIAL APPLICABILITY 

[0149] According to the present invention, a curtain flow coater can be used for coating of a coating composition 
containing fluorine-containing polymer, though the use for that purpose has been difficult. A lot of coated articles can 
be obtained continuously, and a coating composition can be re-used, which is economical and can provide a coating 



28 



EP 1 252 937 A1 



method being advantageous from environmental point of view. 

[0150] A coating film of the obtained coated article is low in surface roughness, is excellent in gloss and is free from 
marks of foams or small in the number of marks even if observation is made through a microscope. 
[0151] Also the aqueous dispersion composition of fluorine-containing polymer of the present invention to which a 
specific hydrocarbon compound is added as a defoaming agent is less foamed and is suitable for coating by using a 
curtain flow coater. The coating film obtained by coating the aqueous dispersion composition of the present invention 
with a curtain flow coater is free from marks of foams even by observing through a microscope and is smooth. 



Claims 

1. A method of coating a substrate, which is characterized In that a liquid coating composition which contains flu- 
orine-containing polymer particles having an average particle size of from 0.01 to 100 p.m and has a viscosity of 
from 0.1 to 500 mPa s at coating is coated on a substrate with a curtain flow coater. 

2. A method of coating a substrate, characterized by using a curtain flow coater which comprises a head part having 
a slit, a reservoir tank of a liquid coating composition, a coating composition supply pump being arranged in the 
reservoir tank and having a rotation part and a conveyor for transferring the substrate and is used to coat a surface 
of the substrate by feeding the coating composition from the reservoir tank to the head part with the composition 
supply pump by adjusting a peripheral velocity of the rotation part of the supply pump and flowing down the liquid 
coating composition onto the substrate being transferred by the conveyor; said liquid coating composition com- 
prises fluorine-containing polymer particles having an average particle size of from 0.01 to 1 00 ^im, has a viscosity 
of from 0.1 to 500 mPa s at coating, and is supplied to the head part under condition that a peripheral velocity of 
the rotation part of the pump is from 0.1 to 12.0 m/sec. 

3. A method of coating a substrate characterized by using a curtain flow coater which comprises a head part having 
a slit, a lower reservoir tank of a liquid coating composition, an upper reservoir tank of the liquid coating composltiori, 
an air pump and a substrate feeding conveyor and is used to coal a surface of the substrate by feeding the liquid 
coating composition from the lower reservoir tank to the upper reservoir tank with the air pump, feeding the com- 
position spontaneously from the upper reservoir tank into the head part and flowing down the liquid coating com- 
position onto the substrate being transferred by the conveyor; said liquid coating composition comprises fluorine- 
containing polymer particles having an average particle size of from 0.01 to 100 ^im and has a viscosity of from 
0.1 to 500 mPa s at coating. 

4. The coating method of Claim 2 or 3, wherein said liquid coating composition is prepared by adding 0.01 to 15.0 
parts by weight of at least one selected from the group consisting of an organic liquid, high molecular polyether 
surfactant, fatty acid ester, metal soap and silicone compound which have a defoaming ability on the basis of 100 
parts by weight of the coating composition. 

5. The coating method of any of Claims 1 to 4, wherein a temperature of the coating composition at coating is within 
a range of from 0** to 25°C. 

6. A coated article obtained by coating according to the method of any of Claims 1 to 5. 

7. A curtain flow coater, which is characterized by comprising a head part having a slit, a reservoir tank of a liquid 
coating composition, a coating composition supply pump being arranged in the reservoir tank and having a rotation 
part and a conveyor for transferring the substrate and is used to coat a surface of the substrate by feeding the 
coating composition from the reservoir tank to the head part with the composition supply pump by adjusting a 
peripheral velocity of the rotation part of the supply pump and flowing down the coating composition onto the 
substrate being transferred by the conveyor, said curtain flow coater having a mechanism for supplying the coating 
composition into the head part through inlet ports arranged in the same number on both two side walls being faced 
opposite to each other in a direction crossing the slit. 

8. An aqueous dispersion composition, which comprises an aqueous dispersion comprising fluorine-containing pol- 
ymer particles having an average particle size of from 0.01 to 100 p,m and a surfactant and as a defoaming agent, 
0.01 to 20 parts by weight of a saturated aliphatic hydrocarbon having 6 to 12 carbon atoms and/or an aromatic 
hydrocarbon having 7 to 11 carbon atoms on the basis of 100 parts by weight of a solid content of the aqueous 
dispersion. 
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9. A coating composition comprising the aqueous dispersion composition of Claim 8. 

1 0. The coating composition of Claim 9, which is used for coating with a curtain flow coater and has a viscosity 
0.1 to 500 mPa s at coating. 
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